Silicon supplementation may lead to positive changes in plant quality, including their appearance. The two-factorial experiment with three ornamental plant taxa Gazania rigens 'Kiss Yellow', Salvia farinacea 'Fairy Queen' and Verbena 'Obsession Lilac' was conducted in the years 2012-2013. The first factor was foliar application of Si in form of ortho-silicic acid stabilized with choline (YaraVita Actisil) at the concentrations of 60, 120 and 180 mg·dm -3 , while the second was soil application of multinutrient fertilizer (Insol U) at the concentrations of 0.25% and 0.50%. Biometric measurements of plants were carried out at the beginning of flowering. The laboratory analyses included the determination of the content of P, K, Ca, Mg and Si as well as chlorophyll content in the leaves. Silicon had a beneficial influence on a majority of the analysed morphological features. Plants reacted best to high silicon doses (120 and 180 mg·dm -3 ). Particularly beneficial effects were noted with respect to improved flowering of all analysed plant taxa and to the vegetative development of Salvia and Gazania. Insol U supplementation noticeably improved the flowering of Verbena.
INTRODUCTION
The interest in silicon supplementation to plants has been growing constantly in recent years, yet the mechanism of silicon absorption by plants and its role in plant physiology are not fully known Chen et al. 2011) . Dicotyledons absorb silicon passively , while monocotyledons do it actively, with the use of special transporters (Mitani & Ma 2005) . Silicon accumulation in plant tissues is noted much more often in monocotyledons than in dicotyledones (Zuccinni 2008) and its distribution within the aboveground parts of plants depends on transpiration intensity. This process results in concentration of silicic acid in the xylem, which creates hydrated amorphous silica gel during polymerization. This form of silicon may reach up to 90% of the total silicon content in shoots .
The source of silicon are water-soluble chemical compounds, including silicic acids and potassium, sodium, calcium and ammonium silicates (Górecki & Danielski-Bush 2009; Reezi et al. 2009; Kamenidou et al. 2010; Soundararajan et al. 2013) as well as organic compounds, including rice husk ash (Kamenidou et al. 2008) . Silicon is also present in certain fertilizers such as Actisil, where ortho-silicic acid H4SiO4 is stabilised by choline. The application of biostimulators is particularly effective when plants are properly nourished with macro-and micronutrients (Komosa 2012) . Silicon is the only element safe to plants in case of excessive uptake. It 36 R. Dębicz et al. ____________________________________________________________________________________________________________________ may be applied in the nutrition of plants in field cultivation (soil and foliarly) and in soilless systems (Jarosz 2014) . Silicon compounds have different properties, thus can play a various role in plant physiological processes. It has been proved that silicon actively participates in the development of plant resistance to biotic and abiotic stresses. The main properties of Si include improving resistance to: salt stress (Savvas et al. 2007; Reezi et al. 2009; Bayat et. al 2013; Soundararajan et al. 2013; , water stress (Fauteux et al. 2005; Henriet et al. 2006; Grzebisz et al. 2010; Mieszkalska & Łukaszewska 2011) as well as to diseases and pests (Brecht et al. 2007; Korndörfer et al. 2010; Shetty et al. 2012; Cho et al. 2013) . It also mitigates the toxicity of heavy metals, such as aluminium (Prabagar et al. 2011 ), manganese and chromium (Ali et al. 2013; Kleiber 2014; Tripathi et al. 2015) . By impregnating cell walls not only significantly strengthens the grass (Barboni et al. 2014) but also increases the rigidity of ornamental plant shoots (Zhao et al. 2012; Cho et al. 2013) . According to Kamenidou et al. (2008 Kamenidou et al. ( , 2010 it may accelerate or delay blossom. Silicon also significantly affects the growth and flowering of plants. It was demonstrated, among others, by Sivanesan et al. (2013) in Chrysanthemum cultivars, Bayat et al. (2013) in Calendula officinalis, Mattson and Leatherwood (2010) on such popular flowerbed species as Bracteantha bracteata, Fuchsia hybrid, Impatiens hawkeri, Lobelia erinus, Petunia × hybrida, Portulaca grandiflora, and Torenia fournieri. It influences the colouring of leaves in Perilla frutescens by increasing the content of anthocyanins (Zhong et al. 1992) as well as the colour and gloss of flowers, e.g. in Rosa × hybrida 'Hot Lady' (Reezi et al. 2009 ) and in Dianthus caryophyllus (Jamali & Rahemi 2011) . According to Dębicz i in. (2016) silicon has beneficial influence on most of the analysed morphological features of Gazania rigens, Salvia farinacea, Verbena hybrida. It is also important in tissue cultures, e.g. it increases the number of shoots in Cattleya loddigesii (Soares et al. 2012) and Phalaenopsis hybrida (Zhou 1995) . The aim of the study was to analyse the influence of silicon in form of ortho-silicic acid stabilized with choline (YaraVita Actisil) and liquid multinutrient fertilizer on the quality and macronutrient content of three bedding plant species cultivated for commercial purposes. . The temperature in the greenhouse was 16-18 °C during a day and 14-16 °C at night. Plants were watered with a watering can (according to their needs). The two-factorial experiment was established using the randomized block design in 3 replications each containing 9 plant. The first factor was the foliar application of YaraVita Actisil (Yara Poland, Szczecin) containing 0.6% silicon in the form of ortho-silicic acid but also Ca and choline. Silicon was applied at doses (after calculation from fertilizer): 0 mg·dm -3 , 60 mg·dm -3 , 120 mg·dm -3 and 180 mg·dm -3 Si, 4 ml per plant, weekly from April 2 nd to May 7 th (in both years of the experiment). The second factor was soil application of multinutrient liquid fertilizer Insol U (INS Puławy) at solutions: 0%, 0.25% and 0.50%. Fertilizer composition was as follow (%): 10.5 N-NH2, 1.5 N-NO3, 4 P2O5, 6 K2O, 0.010 B, 0.010 Cu, 0.020 Fe, 0.010 Mn, 0.005 Mo, 0.010 Zn. Insol U was applied to the roots every 10 days (50 cm 3 per pot). Control treatment were given with water.
MATERIAL AND METHODS

In
Biometric measurements including height and diameter of plants, diameter of inflorescences and their number, number of flowers per one inflorescence and, additionally, in Gazania, the number of leaves, were taken during flowering (28-29 May, 10 weeks after planting). Well-developed, young leaves were collected for laboratory analysis from Effect of silicon and multinutrient fertilizer on quality of Gazania, Salvia and Verbena 37 ____________________________________________________________________________________________________________________ each treatment at the end of May 2012 and 2013. Each sample of fresh plant material weighed approximately 20 g. Magnesium and phosphorus content was determined with the use of colorimetric method, calcium and potassium content with the use of flame photometric method and silicon using the Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). The chlorophyll content of leaves was determined after extraction in 80% acetone (Arnon 1949). Absorption was measured using a spectrophotometer (WPA, S106) at 645 and 663 nm and chlorophyll content (mg g -1 f.w) was calculated according to the following equation:
The obtained results of biometric features were statistically analysed with use of the ANOVA variance analysis method for two-factorial experiments, set up in form of randomized blocks. The significance of differences was determined basing on the Duncan test on the level p = 0.05. The results of laboratory analyses were processed statistically with use of the ANOVA variance analysis method in randomized blocks. The significance of differences was determined basing on the Tukey test on level p = 0.05. Due to the lack of significant differences in interaction, results of nutrient content are shown for main factors.
RESULTS AND DISCUSSION
The experiment demonstrated a significant influence of foliar application of Si containing fertilizer on all analysed morphological features of the three plant species, with the exception of inflorescence diameter in Gazania rigens 'Kiss Yellow' (Table 1 ) and plant height in Verbena 'Obsession Lilac' (Table 3) . For all plant species silicon in concentration 120 and 180 mg·dm -3 was beneficial for growth and flowering (with the exception of Gazania diameter). Silicon supplementation in such doses contributed to increase of leaves number of Gazania (up 83% more at 120 mg·dm -3 and 73% more at 180 mg·dm -3 in comparison to the control), which significantly improved the ornamental value of this species. Si supplementation in concentration 180 mg dm -3 caused the increase in the number of inflorescences in Gazania by 26%, in Salvia by 96% and in Verbena by 76% in comparison to the control plants (Table 1-3) , and the increase in number and diameter of Verbena flowers. Thus, silicon in concentration 120 and 180 mg·dm -3 influenced the flowering abundance, i.e. the property of plants that is decisive for wide application. Similar reactions to silicon were noted in Argyranthemum frutescens 'Blazer Rose', Portulaca umbraticola 'Duna Red' Sanvitalia speciosa 'Sunbini'and Verbena 'Patio Blue' , Gaura lindheimeri 'Corinas Choice', Osteospermum ecklonis 'Grande Pink Blush', Xerochrysum bracteatum 'Gold' . Plants of these species and cultivars, sprayed with a water solution of silicon at the concentration of 120 and 180 mg·dm -3 produced more shoots as well as more flowers/inflorescences in comparison to the control group and the group treated with the solution of 60 mg·dm -3 concentration. Studies by other authors demonstrated that also other doses of Si influence better growth and flowering of plants. Bayat et al. (2013) proved the beneficial effects of Si applied at dose of 100 mg·dm -3 on the growth and flowering of Calendula officinalis and Mattson and Leatherwood (2010) on the height of Impantiens hawkeri, Lobelia erinus and Portulaca grandiflora as well as on size of flowers in Fuchsia hybrida, Portulaca grandiflora, Petunia x hybrida and Torenia fournieri. At the same time, these authors noted a significant decrease in the flower diameter in other plant species as Lobelia erinus, Sutera grandiflora and the number of inflorescences of Argyranthemum frutescens as compared to plants that did not receive Si supplementation. The experiments by Whitted-Haag et al. (2014) showed that the same biometric parameters in five tested plant species were positively affected by various Si doses (up to 200 mg·dm -3 ). However, the results of studies by Mattson and Leatherwood (2010) showed that certain species and cultivars of ornamentals did not respond to Si supplementation. This group include, among others, Begonia x tuberhybrida 'Nonstop Rose Petticoat', Vinca major 'Variegata' and some cultivars of Pelargonium peltatum L.
The above studies confirmed the conclusion of Ma and Yamaji (2006) that Si treatment can be beneficial for the appearance of plants, although this effect may vary depending on the species and cultivar. 
____________________________________________________________________________________________________________________
The plants reactions to Insol U supplementation were varied. Its application had a positive effect only on the flowering of Verbena. Insol U at concentration 0.25 and 0.50% caused development of more inflorescences and more flowers in comparison to the control (Table 3) . On the other hand, this fertilizer decreased leaves number in Gazania by 11% (Table 1 ) and plant diameter in Salvia ( Table   2) . The values of the other biometric features in all of the tested species were not significantly different. Thus, it turned out that supplementation of Gazania and Salvia with Insol U was pointless and that peat substrate satisfied the nutritional needs of plants on this phase of growth and flowering. However, treatment with Insol U was beneficial for Verbena. ) and concentration of multinutrient fertilizer Insol U (%) on morphological features of Salvia farinacea 'Fairy Queen' (mean from 2012-2013) *n.s -non significant differences According to Soundararajan et al. (2014) the ability to accumulate silicon in plant tissues depends also on the applied form and concentration and the method of its application. In Salvia splendens 'Vista Red' and 'Sizzler Red' the highest accumulation in the leaves was observed when Si was applied to soil in the form of K2SiO3 at a dose of 100 mg·dm -3 . According to Kamenidou et al. (2008 Kamenidou et al. ( , 2010 ) the highest silicon accumulation was noted in the leaves of Helianthus annuus and Gerbera 'Acapella' following the soil application in form of K2SiO3 at a dose of 200 mg·dm , significantly increased the content of Ca and P in Gazania (by 28% and 32% respectively), Mg in Salvia (by 48%) and P, K and Mg in Verbena -(by 52, 27% and 48% respectively) in comparison to the control plants. Similar results were reported by Kamenidou et al. (2010) (in Gerbera), Sivanesan et al. (2013) Table 3 . The influence of silicon dose (mg·dm -3 ) and concentration of multinutrient fertilizer Insol U (%) on morphological features of Verbena 'Obsession Lilac (mean from 2012-2013) *n.s -non significant differences Farshidi et al. (2012) and Mehrabanjoubani et al. (2014) reported higher accumulation of elements in plant tissue in result of Si application. However, also contrary opinions were published. For example, Ma and Takahashi (2002) and Chen et al. (2011) claimed that silicon decreases the content of some nutrients in plants, while Yin et al. (2013) demonstrated the beneficial influence of silicon on the content of some elements, in particular K, however only under salt stress conditions.
In this study, soil application of Insol U had a varied influence on the accumulation of the analysed elements in leaves. The application of 0.5% water solution of fertilizer noticeably increased the content of Ca, Mg and Si in Salvia (Fig. 2B) , while Verbena reacted to the same dose of Insol U only with a higher accumulation of Mg (by 34% in comparison to the control plants). Supplementation of Verbena with fertilizer of 0.25% concentration did not have a significant influence on the nutrient level (Fig. 3B) . In Gazania treated with Insol U at concentration 0.25% the contents of P, K and Si were higher in comparison with control (Fig. 1B) , whereas at application with 0.5% content of K and Means followed by the same letter for each nutrient do not differ significantly at p = 0.05 Standard error mean (± SE) for dose of Si ± 0.33; multinutrient fertilizer ± 0.24; P ± 0.01; K ± 0.11; Ca ± 0.16; Mg ± 0.03; Si ± 0.02 Means followed by the same letter for each nutrient do not differ significantly at p = 0.05 Standard error mean (± SE) for dose of Si ± 0.33; multinutrient fertilizer ± 0.24; P ± 0.2; K ± 0.07; Ca ± 0.13; Mg ± 0.04; Si ± 0.02 The analysed experimental factors did not have a significant effect on the chlorophyll content in leaves. Regardless of the silicon concentration, the chlorophyll level in the analysed plant species was similar. However, studies by other authors demonstrated that silicon may cause an increase in the chlorophyll content in leaves and support the synthesis of sugars (Mikiciuk & Mikiciuk 2009; Jarosz 2014 ). The research conducted by Mieszkalska and Łukaszewska (2011) showed that regardless of the cultivation conditions (water stress or lack thereof), chlorophyll a and b content in the leaves of Pelargoniom hortorum L.H. Bailey was higher with silicon supplementation. Similar results were shared by Sivanesan et al. (2013) in chrysanthemum. Higher chlorophyll content was also found in plants subjected to foliar treatment with Insol U (Borowski & Michałek 2009 
